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Diagnostic ceaijugato useful for IntracelluXar Imaging and for 
differentiating between tumor- and non-tumor calls 

The present invention relates to a diagnostic conjugate 
comprising (a) a transmembrane module (tpu) , (b) an address 
modale (AS), prererably an antiaanse peptide nucleic acid 
(PKA), and (c) a signalling nodule (SM) . Said conjugate is 
useful lor intracellular imaging, preferably via mi, and, 
e.g., for differentiating between tumor- and non-tunwr cells. 

advances in MRI using the contrast agent Gadolinium (Gd) have 
led to a greatly enhanced precision in diagnostics. It has not 
yet been possible to depict the cell itself due to the 
extracellular distribution characteristics of the commonly 
used Gadolinium contrast agents. The intensively discussed and 
investigated Molecular Imaging methods could open the door to 
Imaging at the cellular level. 

In order to depict the cell, a contrast agent is required 
Which can pass into the intracellular space. There have been 
numerous proposals as to how this could be achieved: it was 
attempted to achieve an optimal uptake of iron in the cell 
using a conventional non-viral transfection method to promote 
the ejipression of the transferrin receptor. 

The gene for the transferrin receptor was transfered vdth the 
help of an adenovirus. However, it became apparent that the 
cells which overexpressed the transferrin receptor protected 
themselves from excess iron concentrations via an niRNA- 
madlated negative feedback inhibition of the transferrin- 
receptor causing decreased iron Influx. This probl«u was 
overcome using BTfR (JSnginserecf Transferrin Receptor) and 
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MlONs (Micro Iron Oxido Nanopartides) , This process is based 
on liqiiid-phase-endocytosis of dextrane-coated MIONs via the 
transferrin receptor. 

A furtlier potentially attractive method for molecular imaging 
is the use of Gadolinium complexes (Magnevist* Scharing) . it 
has been shown that the commonly used contrast agent Magnevist® 
ia very well suited to the display of the intercellular space, 
but is not suitable for intracellular imaging, 

Micro-injection methods were used in Xenopus iaevis embryos 
(2-cell stadium) in order to accumulate gadolinium 
-suceeaafulLy-in-t hB iTilTflrellula r sp a rp OnR g foup »t*;«in F^-^rf 
accumulate a Gd-complex in the cell utilising high 
extracellular concentrations of a Gadolinium- coaiplex (1-25 
mg/ml) in which maximal intracellular concentrations were 
attained after 100 hoxirs. With the help of a viral transporter 
(HIV-l tat-peptide) high intracellular concentrations of 
gadolinium and iron oxide nanopartides were achieved. Another 
group* has even identified the HIV-l tat peptide in the cell 
nucleus. There are^ however/ still open questions as to the 
transactivating effects of the viral transporter HIV-l tat 
peptide in the nucleus such as the induction of apoptosis in 
hippocampal neurons. To suromarizBr there are eerious 
disadvantages of the previous . approaches^ e.g.,, the incubation 
time for/ e,g., the Gadolinium-con^Jlex is far too long and the 
concentration of this complex that has to be used is extremely 
high resulting in serious side effects. Moreover, despite the 
advances in cellular transport, there remains the question of 
cell specificity, i.e. all the above mentioned methods have 
one problem in common: they cannot differentiate between tumor 
and non-tumor cells. 

Therefore, it is the object of the present invention to 
provide a diagnostic means which overcomes the disadvantages 
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of the diagnostic tools of the prior art, i.e. which allows 
the fast and precise non-invasive determination, preferably 
the molecular imaging, of gene expresaion pattern in cells of 
a patient. 



According to the invention this is achieved by the subject 
matters defined in the claims. The present invention provides 
a diagnostic conjugate con^jrising (a) a traasmenbrane nodule 
(TPTJ), (b) an addrassing module (AS), preferably an antisense 
peptide nucleic acid (PDA), and (c) a eignalllng module (SM) 
allowing to detemlne, e.g. by mri, the expression profile of 
genes of interest, e.g. genes the expression of which differs 
between tumor cells and non tumor cells. In the experiments 
leading to the present invention, the intracellular uptake of 
the commonly used interstitial contrast agent gadolinium was 
improved by building an Antisense-Conjugatad-Gadolinium- 
Transporter (ACGT) consiBtlng of a transmeitfbrane transport 
module (TPCT), an address module (c-myc nBNA directed 
antisense-sequence) and the 6d=» complex module. The so-called 
antisense-principle was used to realize a differentiation 
between tumor and non-tumor cells in MRI. Based on the 
differing gene eapression patterns seen in tumor cells as 
compared to normal cells, the target-specific Antiseuse- 
Conjugatad-Gadoliniuro-Transporter (ACGT) containing an 
antls.anse-sQqusnce (Antisense - = - AS;. - Table 1) which is 
covalently bound to a transport-peptide [tbxj) of human origin, 
and thus does not have any effect on tranaactivating 
properties was highly useful. The virtually peptidase- und 
nuclease resistant modified oligonucleotides (PNAs) are 
complementary sequences which are bound to the Gd-transporter- 
coajjlex targeted at c-myc mRHA. upon contact of the antlsense- 
conjugated-gadoliaium-transporter (ACGT) containing c-myc- 
targeted peptide nucleic acids (FNAs) with c-myc mBm in the 
cytoplasm, a hybrid ie formed composed of PHA and RtJA. This 
hybrid begins to be slowly enzymatically cleaved after 24 
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tours and thQ ACGT then starts to leave the cell^ effQCtively 
causing a delayed efflux • In cells in which c-myc loRNA iB 
hardly prGsont (lymphocytQa and other normal cells) there is 
no detectable hybridization, the efflux process is immediately 
initiated and causes a more rapid reduction in intracellular 
Gd-complex concentration. Using Magnet Resonance Imaging 
(MRI), Gadolinium was detected within HeLa cervix- carcinoma 
cells as well as non-tuiaor cells (lymphocytes) already after 
10 minutes. The AUS^Transporter was rapidly released from non- 
tumor cells r whereas, in HeLa cells, only a minimal efflux was 
observed. This suffices for a clear differentiation between 
tumor and non-tumor cells. 

Accordingly^ the present invention relates to a diagnostic 
conjugate comprising (a) a transmembrane module (TPU) , (^p) an 
address module (AS) , and (c) a signalling module (SM) . . 

The transport mediator for the cell membrane (= transmembrane 
module (TFU) ) is a peptide or polypeptide which can penetrate 
the plasma mettibrane. The length of this peptide or polypeptide 
is not subject to any limitation as long as it has the above 
property- Examples of TPUs are derived preferably from the 
penetratin family (Derossi et et al.. Trends Cell Biol. 8; 84- 
87, 1998) or are transportan or parts thereof (Pooga et al., 
The Faseb Jotuinal 12: 68, 1998), those of the penetratin 
family .being preferred. 

In a preferred embodiment, the transmembrane module is a human 
transmembrane peptide, preferably comprising one of the 
following amino acid sequences: KMTRQTWWHRIKHKC; 
MTRQTFWHRIKHKC or KHKIRHWFTQRTMC (Proteindatenbanlc) . 

The transmembrane module (TPU) is produced biologically 
(purification of natural transmembrane peptides or fragments 
thereof, or cloning aixd. expression of the sequence in a 
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eukaryotic or prokaryotic ejq-rassion system), preferably 
synthetically, e.g., according to the well established 
«Merrifield method* (Merrifield, j. aa. Chem. Soc. 85- 2149, 
1963) . 

The selection of the address module (am) depends on the nature 
of the molecules to be detected which can be, e.g., proteins 
or nRNafl and the person skilled in the art can easily select 
suitable address modules. The address module may be a nucleic 
acid, a protein or peptide, a chemical substance etc. Suitable 
address modules comprise, e.g., antibodies or fragments 
thereof, other ligands for proteins, e.g. ligands to 
receptors, or antisense rnrs with antisense nucleic acids 
(PNJ^) which have already been discussed above being 
preferred. Methods for isolating and/or synthesising suitable 
address nodules are well known to the person skilled In the 
art and described in standard literature and text books. 

m a preferred embodiment, the peptide nucleic acid (PNA) of 
the diagnostic conjugate of the present invention is capable 
of hybridising with an mRNA the expression or mis-expression 
of which is associated with a disease. Exaiqtles of diseases 
that can be diagnosed by use of the conjugate of the present 
invention are those being characterized by a modified gene 
expression pattern, with tumors being preferred. For the 
diagnosis of tumors FNAs are useful specifically hybridising 
to mBlQis like e-myc- (Waardenburg et al.. Anticancer Res. 18, 
pp. 91-95 (1998); lung and prostate tumors), c-raa-, her- 
(Siamon et al.. New England J. Medicine 344, 783-791 (2001); 
breast tumors), aatl- or SBt2-mRNa IBalon et al., ff. NUd. 
Medic. 42, 1134-1138 (2001)/ brain tumors). 

In a more preferred embodiment, the peptide nucleic acid (PNA) 
of the diagnostic conjugate of the present invention is 
capable of hybridizing with a region of &xon II of the c-myc- 
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mRNA and coroprises the sequence H2N-ATGCCCCTCAACGTTAGCTT-COOH. 

The signalling module (SM) is not subject to limitations. It 
can be choosen freely, depending on the effect which shall be 
produced in a cell. The nature of the signalling module 
depends on the desired diagnostic application which might be r 
e,g., in the field of nuclear medicino^ MRT^ MRS, 
ultrasonication or which might be based on optical methods^ 
SPECT, PET or jT- camera. The person skilled in the art Jmows 
suitable signalling modules suitable for particular 
applications . 

In...^RreL£exrgd_ei nb_odlment. the signalling module (5M) is Gd, 

ffe or F. Preferably, said atoms or ions are linked to the 
address module as a chelate complex using, e^g., as the 
Chelating agent diethylenetriaminepantaacetic acid (DTPA) as 
described in the Examples below, it could be shown previously, 
that in addition to Gd, Fe, e.g, ferric oxide nanoparticles 
(MIONs) or dextrane- coated magnetic beads trapped are useful 
for 'MR imaging. 

The conjugate of the present invention, preferably contains 
(a) spacer (s) which is (are) preferably located between the 
transmembrane module (TPU) and the address module (AS) and/or 
the address modul (AS) and the signalling module (5M) . The 
spacer serves for eliminating or positively influencing 
optionally existing steric hindrances between the modules 
and/or allows to separate modules from each other, e.g./ in 
the cytoplasma of a cell. 

In a preferred embodiment ^ the transmembrane module (TPU) of 
the diagnostic conjugate of the present invention is coupled 
to the address module (AS) via a covalently deavable spacer I 
and/or the address module (AS) is coupled to the signalling 
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module (SM) or a compound trapping the signalling modul© (SM) 
via a covalantly non-cleavable spacer II. 

in a more preferred embodimant, spacer i comprises a redox 
cleavage site, e.g. a disulfide bridge (-cysteine-5-S- 
cyateina-O-N-H-) . The binding formed between tbe transmembrane 
module (TPU) and address module CA5) is a redox coupling (mild 
cell-immanent bond by means of CENSO; Rietsch and Beckwith, 
1988, itoi. Rev. Gent 32: 163-184); 

Cysteine-SH SH-cysteine =^ cystine-S-S-cystine 

The coTipling of the constituents thereto is made, by covalent 
chemical binding. The redox cleavage site is inserted 
chemically between TPU and AS by the above mentioned redox 
coupling. There is also a covalent bond, preferably an acid 
amide bond, between the optionally present spacer (s) and the 
module (s) of the conjugate* Possible alternatives are ether or 
ester bonds, depending on the functional group (s) present in 
the substance to be conjugated. 

In an even more preferred embodiment, spacer II of the 
diagnostic conjugate is polylysine. 

The address module (AS) , signalling modul (SM) and or spacer . 
-II may optionally be labelled, e.g., radioactively, with a 
dye, with biotin/avidin, etc. Preferably, spacer II carries an 
riTC-label, 

The most preferred embodiment of the diagnostic conjugate of 
the present invention has the following structure: 
transmembrane module (tpu) - spacer I comprising a cleavable 
disulfide bridge - address module (AS) - spacer II - 
signalling module (SM) or con^iound trapping the signalling 
Aodule (SM) . 
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ThQ presont invention also relates to a diagnostic coiz5>o9lt±on 
containing a diagnostic conjugate of the present invention as 
weli as various uses of said diagnostic conjugate. A preferred 
use Is the selective detection of tumor cells, e.g, by MRI/ 
using as contrast agent Gd as signalling module (SM) . 



Brief description of the drawinc^s 

Figure 1; Graph of MR signal intensity versus time for HeLa- 
cells and lymphocytes with 
(a) ACGT (specific antisezxse) ; 
— (laj^C GT ( ra ndoms-sequence) 

Figure 2: Confo cal laser scanning microscopy (CLSM) of human 
HeLa cervix carcinoma cells. 

Cytoplasm directed ACGT (Gd^^-DTPH-Lys-Lys- CAS] -Cys-constructs 
(100 pK. FITC labeled)) (#153c/ Table 1). After 1 h 
incubation, fluorescence signals were only detected within the 
cytoplasm^ whereas the nuclei remained xmstained^ 

gierure 3: Hela cells 1 hour after incubation with MESl (Minimal 
Essential Medium) 

a} MEM alone (control) 

b) MEM -f Magnevist (100 piM) " " - _ _ - _ 

c) MEM + ACGT (100 pM> 

Figure 4 ; Nucleic acid sequence of the C-mvo,un. DNAsxnn xi and the 
complete c-myc mRNA, 

The exact location at which the ACGT is targeted (green) is 
shown. Exon I untranslated (blue hatched), Bxon 11 translated 
(red) , Exon III partially translated (red and blue hatched) 



The following examples illustrate the invention. 
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Gcuioral Methods 

(A) Cell culture 

Exponentially grown human HeLa-CerviK-Carcinoma-Cells and non- 
tumor cells (peripheral Iiyraphocytes ) (DKFZ tumor bank) were 
cultivated in minimal essential medium (MEM culture medium^ 
Sigma-Aldrich, Taufkirchen^ Germany #9028) supplemented with 
10% Fetal Bovine Serum (PBS, Sigma, Germany) , 2 iriM glutamine, 
100 u/ml penicillin, 100 \xg/ml streptomycin (Gibco Life 
Technologies, Karlsruhe, Germany) . Cells ware grown as 
monolayers in a mycoplasma free state as monitored by PGR 
(Mycoplasma PCR Primer Set; Stratagene Europe; Amsterdam, NL) . 

(B) Cell growth measurements 

Cell growth measurements were performed by using a Coulter 
Counter ZM (Coulter Electronics Limited, Luton, England) . 

(C) Synthesis of Cys-Ctotisense- or Random-Sequence]- 
Pi ethyl enetriamlne-pentaacetic Acid (DTPA) 

To perform solid phase synthesis of peptide modules the nnoc- 
strategy was used in a fully automated synthesizer Syro II 
(MultlSyn Tech, witten, Germany) . The synthesis was carried 
out on 0.05 mM Ftaoc-As-TCP-resin (Trityl-Resin) . The coupling 
agent used was 2- (IB-Benzoetriazole-l-yl ) -1 , 1, 3, 3- 
tetramethyliironium hexaf luorophosphate (HBTU) . Side chain 
protecting groups were Lys(Boc), Cys(Trt) and Arg(Pbf). The 
protected peptidyl resin was treated with 20% 
Hexafluoroisopropanol in Pichloromethan for 5-10 minutes which 
In tuim resulted in the fully protected peptide. In the first 
step, treatment with Diethylenetriamin was performed followed 
by a treatment with chloroacetic acid to form PTEA in the c- 
terminus of the peptide. 
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The protected peptidyl-DTPA was treated .with 20% plparldln In 
dlmetlxylfoniiamide. Cleavage and deprotection of the peptide 
resin were effected by treatment with 90% triflwroacetic 
acid, 5% ethanadlthiol, 2.5% thioanieol, 2.5% phenol (v/v/v/v) 
for 2.5 hours at room temperature. All products were 
precipitated in ether and purified by preparative HPLC 
(Shimadzu LC-8A, Duisburg, Germany) on a ODS-A 7A S-7 ym 
reverse phase colunn (20 x 250 ma) using (a) 0.1% 
trifluroacetic acid (TFA) in water and (b) 60% acetonitrile in 
water as eluent. Peptides ware removed with a successive 
linear gradient increasing from 25% B to 60% B in 40 min at a 
^iGw— ga%e— ef---3rO-^-l-/miHtK TOi o fractiono L i u«?espendfaif 



purified conjugates were lyophiliaed. Sequences of single 
modules as well as the complete bimodulear construct (Table, 
1) were characterised with analytical HPLC (Shimadzu IiC-10, 
Duisburg, Germany) and laser desorption mass spectrometry 
(Finnigan Vision 2000, Thermguest Analyt. Systema, Egelsbach, 
Germany) yielding purification grades greater than 90%. The 
TPU transmembrane peptide (#3723; Table 1) and the AS/random 
PNA peptides (#153a/b; Table 1) were prepared in an identical 
procedure (Merrifleld, J. Smer. Cham. Soc, 85: 2149-2154, 
1963; Capino and Han, J. Org. Chem. 37: 3404-3409 (1972)). 

(D) DTPH Gd-complex formation 

Stochiometric amounts of peptide-PTPA and Gd* (Sigma-Aldrich, 
Germany, Cat. No. G7532) were solved in an aqueous NaCl- 
Bolution (0,9%). After 12 hours the congplexation process was 
stopped and purified as described in the previous section. The 
random PNA construct (#153b; Table 1) was prepared with an 
identical carrier conjugate. 

(E) Fluorochrome labelincj 

The Gd>»-DTPH-Lys-Lye-[AS)-Cy6-constructa (#153c; Table 1) wore 
FITC-labeled only at the non-cleavable lysine-spaeer site on 
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the 5-aminc. group via usual paptlde linkage during the first 
peptide synthesis. 

(F) Peptide purification 

All products were precipitated In ether and purified by 
preparative HPi,c (Shinazu ic-BA) ©nam: ODS-A 7a s-7 pm 
reverse phase colunm (20 x 250 mm) using of o.i» 
trifluoroacetic acid in water (A) and 60% acetonitrile in 
water (B) as eluent. Peptides were eluted with a successive, 
linear gradient increasing from 25% to 606 B-eluent in 49 min 
at a flow rate of 10 al/ain. The fractions corresponding to 
the purified conjugate were lyophiliaed. Seqpiences of single 
modules as well as the complete biaodulear construct are 
characterized with analytical HPLC (Shimadzu LC-10) and laser 
desotptlon mass spectrometry (Finnlgan/ Vision 2000) , 

{G} Antisense Conjugated Ga d ollnltm Complex fACST) -Peptide 
linkages 

Cysteine groups of the human tranemenibrane peptide TPU [#3723; 
HaN-KMTRQTWWH RIKHKC-(Cys-C0-NH,)-(SH)-CONH,; TPO (hum) ] and the . 
address peptide module Gd-coapound {[as/ random] .(#l53a/ issb; 
Gd'*-DTPH-K-K-HH- (Cye-CO-NH,) - (SH) -CONHj ; SV40-T-antigen) } (Table 
1) were oxidized at the range of 2 mg/ml In a 20% umso water 
solution. 5 hours later the reaction was completed. The 
progress of oxidation was monitored by analytical CI 8 reverse" 
phase HPLC. 

(H) Localization of the aCGT 

HeLa tumor cells plated on sterile, silan-coated glass slides 
embedded in quadriPEBM plus (Heraeus, Osterode, Germany) and 
incubated for 24 h. After two wash-cycles with MEM culture 
medium, the cells were incubated with Gd'^-DTPH-ASJ-Kz-Cys- 
constructB (100 pM) at 37 'c in 5% co« for 1 hour. Living cells 
were analysed by CLSM (Zeiss LSM 310, Cflberkochem, Germany). 
The excitation line of an argon/ Icrypton laser was used to 
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detect fluorescence slgaal from FITC-lebeled Gd^-DTPH-Lys-Lys- 
[ASl-Ka-Cys-constructs (#153c) (Table 1), To increase the 
contrast of optical sections^ 12-20 single exposures were 
averaged. Parameters of the image acquisition were adapted to 
show signal intensities in accordance with the visual 
microscopic image. 

(I) MR Imaging 

(a) Kinetic studies: BeLa-cell-Uptake of the Gd-coxnplex- 
taransporter [without address-sequoncQ or with either antiaense 
{ACGT}- or random-sequence (BCGX) I oom^pared to Magnovist*. 
Living Helia-cells were harvested and divided into tubes 
TFSlEiSlf) ^(^erl-l--NoTT--2H3--x-l'0^^^ 

transporter without address-sequence and the Magnevist* were 
each dissolved in MEM culture medium in a concentration of 100 
pM and were then incubated for 10, 20^ 30 and 60 minutes , 
After centrifugation of the tubes (800 rpm x 10 min) f the 
incubation medium (supernatant) was r^aoved and the cells 
(pellet) were washed twice with cxxlture medium without 
conjugates to remove all \inbound Gd^-DTPH (Magnevist*) . and Gd- 
coE^lex-transporter . 

MR imaging used a 1.5-T whole body Siemens r/Magnetom Vision 
Plus"* with a standard circular polarized head coil. The test 
tubes were firmly positioned parallel to each other totally 
submerged in a water bath. The imaging protocol consisted of a 
sagittal and coronar Tl-weighted spin-acho-seciuence (TR: 600ms 
/TEsl5 ms, scan time; 45 sec). The field of view (FOV) was 200 
mm X 200 mm, using an 256 x 256 imaging matrix and two 
acquisitions. Slice thicJoiess was 2 mm resulting in a pixel 
size of 0.79 mm X 0.78 sam. Tl and T2 relaxation-times within 
the pellets of both tubas were measured to evaluate the 
intracellular relaxivity of the respective contrast agents 
(R=1/T1) - The Tl-ralaxation time was measured by means of an 
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Inverslon-recovery-sequance (tr: 5000 ma/TE: 76 ans/xi: 25 - 
4000 ns, 15 differaat Tl-values, Bcan-tlme 15 x 25 sec', EWs 
160 am X 160 mm. Matrix. 132 x 256, slice thickness* 7 aaa, 
piKel sizei 1,21 x 0,63 mm). T2 ralaxation-tlme was measured 
by a multi-echo-aequence (TR: 5000 ms/ 16 TE-values: 30 as - 
245 OS, FOV: 250 am x 250 xma. Matrix: 256 x 256, slice 
thictaiess: 5 inm, pixel size; 0.98 x 0-98 mm, scan timet 21 mln 
21 sec) . Signal-intensity measurements were obtained from Hela 
cervix carcinoma cells and background. A tube with HeLa cells, 
incubated in MEM medium without contrast agent, was used as a 
control, in this way, the HeLa cells were additionally tested 
for uptake of the Gd-coniplex-transporter when bound to either 
a c-myc targeted aa-sequence (ftCGT) or a random-sequence 
(RCGT) . 

(b> HeLa-cell -efflux of the ACCT 

DUB to a signal Intensity maximum in lymphocytes and HeLa 
cells after a 60 minutes incubation time, it was decided to 
begin with efflux measurements after 1 hour. After this 
period, both cell types were washed with conjugate- free MEM 
culture medium in order to remove all Gd-consnexea , This 
procedure was repeated hourly until no signal increase 
compared to the control tube (HeLa cells or lyii?)hocytes in MEM 
medium without contrast agent) could be detected in Tl 
weighted sequences. 

(o) Influx and efflux of the ACCT and ROOT (Fandom-So^oeaeo- 
conJugated-Gadolinlum-Transporter) in lyn^jhocytes 
In order to test whether it is possible to differentiate 
between tumor and non-tumor cells in MRI using antisense, the 
same iqjtake and efflux experiments as perfonaed with HeLa 
cells were conducted using lyn^jhocytes . 
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Eacaiqple 2 

The conjugate of th© present: invention Is useful for oelluXar 
iinaging and aan diecriminate between tumor- and non-tumor 

cells 

There were two primary aims in these experiments: Firstly, to 
achieve a rapid and high accraiulation of Gadolinium within the 
cell by means of a transporter of hiaman origin and, secondly, 
to achieve a high degree of cell-specificity between targeted 
and non-targeted cells. 

In pursuit of the first objective, it was attan^Jted in a 
-^eesftt — study — ^feo — achie-v^ — an — infecacellular — ar'-nrrml gi t^^" 
gadolinium by application of high extracellular gadolinium- 
complex concentrations (1-25 mg/mlj resulting in an 
intracellular gadolinium-complex accumulation detectable by 
mass spectrometry methods peaking at 100 hours. However, time 
and concentration of the drug make a successful application of 
this method In vivo highly unlikely. 

This result reinforced the need for rapid transport across the 
cell membrane as a decisive factor in in vivo molecular 
imaging. A plasma-membrane- translocation-peptide was reported 
in 1997 which was derived from a viral HIV-1 tat protein and 
possessed nuclear- import characteristics. Two years later, 
this truncated HIV-1 tat protein was used to accumulate iron 
and Gadolinium-complexes inside the cell. In this way, the 
Gadolinium-complexes could even be detected within the nucleus 
after incubation. However the HIv-1 tat peptide possesses a 
transactivating effect on the LTR (Long Terminal Repeat) - 
promotor. Due to these transactivating effects of HIV-1 tat 
peptide which might also activate intracellular promo tors, for 
the present study a different method v/as choosen and human 
transport-peptide-units which show a cosnparable transport 
efficiency were examined. 
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Therefore, the choice for this study was to use a gadolinium- 
transporter-cQjnplex of human origin (Table 1) . An increasecl 
intracellular signal intensity in tumor cells and lymphocytes 
could be cietacted after just 10 minutes incubation with the 
human gadolinium-complex transporter and subsequently a 
maximum after 1 hour could be achieved {whole body 1,5 T 
Siemens Magnetom, standard circular polarised head coll) (Fig. 
la and b) . This result was confirmed using confocal laser 
scanning microscopy (#153c) (CL5M) (Fig. 2) . There was no 
signal detected in the nucleus which would suggest that the 
ACGT accumulated mainly in the cytoplasm (Fig. 2) If, by way 
of comparison, Magnevist* alone, was used as a contrast agent, 
there was no signal change above that of the HeLa . cells that 
had been incubated solely in MEM (Pig. 3). The measured 
relaxivity R within the HeLa-cell pellets changed by a factor 
of 3.17 after incubation with the gadolinium-coii5)iex 
transporter (R«0. 000314) as compared to that after incubation 
solely with Magnevist* {R=0 .000995) . 

Due to the lack of cell specificity of the viral HIV-1 tat 
peptide (no differentiation between tumor cells and normal 
surrounding tissue) high concentrations of this substance can 
be found in all cells. In the interest of the second objective, 
the cell-specificity, a different route was choosen by 
modifying the human gadolinlum-coii?5lex transporter based on 
the differentiation between non-tumor and tumor cells as 
follows ; 

The c-myc-oncogene stimulates the Gl/S transition of the cell- 
cycle by regulating the levels and activity of cyclinsr 
cyclin-dependent kinases (cdk) , cdk inhibitors and the pRb- 
binding transcription factor EZF. The E2P-pathway is 
deregulated in all tumors. This leads to a permanent 
upregulation of c-myc. The c-myc oncogene is characterised by 
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three exons (Fig. 4) . Exon 1 cQntains rogulatory elaaents and 
will not be translated. Exon III win be partially translated, 
in contrast to the conpletaly translated Exon II serving as 
tie ttQlBcular target at the xtiBJm level in thia study 
(translation initiation range) ^Fig. 4) . The ACGT is targeted 
at the c-inyc-E«on II (Fig, 4) . la normal, non-dividing cells, 
c-myc fiiHNA is hardly detectable. The antiaense sequence of the 
JW;GT binds to the c-myc mRNA in a stable nianner. It is known 
that SNA-RNA-complsxas possess a greater stability than EWa- 
FNA-complexes under physiological conditions. This suffices 
for the selection between c-myc-expressing and -lacleing cells. 
Due to the retention of the ACGT Bolely in EeLa cells, the 
tumor cells can be c learly d i s tl n cruished fr«n nom»l noii. 
MRI. There was no observable difference in MRI in the influx 
Of ACGT possessing the c-myc targeted AS-sequence between 
lymphocytes (non-tumor) and HeLa tumor cells (signal-intensity 
maximum after one hour) . 

The signal-intensity in lyji«>hpcytes after a 2 hour incubation 
time had fallen by more than half from the previously attained 
maximum value because of the lack of c-mya mBMA in the- 
cytoplasm to hi*ridiza with the AS-eequence (Fig. la) , Xa 
tumor cells (HeLa cells) on the other hand, the presence of c- 
myc fflHNA allowed a hybridization with the c-myc targeted ACGT 
which then delayed the efflux of the Gd-coBg>lex, thus causing 
a significant relative signal enhancement in these tumor cells 
for approximately 3 hours (Fig. la). The random-aequance- 
conjugated-gadolinium-transporter (RCGT) could not hybridize 
with the c-myc-oncogene which resulted in an immediate efflva 
and a rapid decrease in signal intensity (Fig, lb) . onder these 
conditions apoptosls was not observed. 

These results show that the conjugate of the present invention 
is useful in specific, non-Invasive and side-effect-free 
diagnostic methods, e.g., for the molecular imaging of tumors. 



Eiipf.2eit:22/01/2(M2 19:05 



Bnpf jir.:481 P.Q21 



22/01 2002 20: OP FAX +48 8S 43778899 HUBER & SCBDESSlffl PAT - EPA ^022 



17 

for example, foilow-up'e In tumor therapy, it would also seeon 
to allow a clearer differentiation of tumor from healthy 
aurrounding tissue in intraoperative mri in neurosurgical 
procedures, such intraoperative Imaging is confronted with the 
problem of the surgical opening of the interstitial space 
which leads to the loss of interstitial contrast agent 
(Magnevist*) . A clear distinction between tumor and surrounding 
tissue is then no longer possible. The ACGT of the present 
invention circumvents this problem and, thus, represents a 
promising solution, additionally, the diagnostic conjugates of 
the present Invention allow a batter differentiation between 
tumor and flbrotic, edematous or Inflamsd tissue. 
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Tabl« 1 

Blochenical design of the functional modules used in the Mia 

study of fixazqple 2, 



Prod. 
No. 



scheme I Sequences 



«3723 



#3724 
#3725 



TranspoftppQj 
ff 



TPU (bMman) 



Hz^Hq^^KqfrwvwRIKHK)c>(c^^ 



Ha>W1KIRHWi^RTMC-fCy»CCWH2^ 



X0g354 



MycGmONA 

range Bconll 



mRNA 



MycmRNArangQ 
Ben II 



c-myc ;mRNA) I sCtAMl 



m2b IRacKiofn 



AS-PNA 



I Millillilllll 



H2<4A7X5CCCCTCAAreTTAGC t T-(Cy »CQ^HaHSH)«)NIV» 
rtiiWCCTAGACAATTn-GCTATAGKC»»^ 



ACGT 
RCGT 



I-MPU 



g153c I ACgr-FITC I Gd^^TPH-FircT 



#153b 
#153c 

Sr>S 



Antteenss-ecquence-Conlusatod-GaiJolInfUm-TranspDrter 

Random-Sequence-ConJusatBd-QadolIfiiuin-Transpaf^ 

ACGT for CIdSM 

Peavable spacer 

Single letter ammo add eods 

Accession number SRS data base 
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Claims 



1, A diagnostic conjugate comprising the following components; 

(a) a transiaembra&e module (TFU) / 

(b) an address module (AS) ; and. 

(c) a signalling module (SM) 

Z. The diagnostic conjugate of claim 1, wherein the 
transmembrane module (iro) is a human transmembrane peptide. 

3. The diagnostic conjugate of claim 2, wherein the 
transmembrane module (TPU) compriseB the amino acid sequence 
WSJTRQTWWHRIKHKC; MTRQTFWHRIKHKC or KHKIBHWFTQRIMC. 

4. OJhe diagnostic conjugate of any one of claims 1 to 3, 
Wherein the address module (as) is an antisense peptide 
nucleic acid (pna) . 

5. The diagnostic conjugate of claim 4, wherein the antieense 
peptide nucleic acid (PNR) is capable of hybridizing with ia 
aRKR the expression or mis-expreasion of whicOi is associated 
with a disease. 

6. The diagnostic conjugate of claim 5, wherein the disease is 
a tumor. 

7. The diagnostic conjugate of claim 6, wherein the antisense 
peptide nucleic acid (PNA) is capable of hybridising with c- 
myc-, c-ras-, hem-, sstl or sstZ-mBNA. 

8. The diagnostic conjugate of claim 7, wherein the antisense 
peptide nucleic acid (pua) comprises the sequence HgW- 
ATGCCCCTC3UlCGTTAiSCTT-COOH . 
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9. The diagnostic conjugate of any one of elalas 1 to 8, 
wherein the signalling module (SM) comprises Gd, Pe or F. 

10. The diagnostic conjugate of any one of claims 1 to 9, 
wherein the transmembrane module (TPU) ±b coupled to the 
address module (AS) via a covalently clea^le spacer I and/or 
the address module (AS) is coupled to the signalling module 
(SM) or a compound trapping the signalling module (SM) via a 
covalently non-cleavable spacer II. ' 

11. The diagnostic conjugate of claim 10, wherein spacer I 
comprise s a cleavaUle disulfide bridge. 

12. The diagnostic conjugate of claim 10, wherein spacer I 
and/or spacer II coii«)rlsaB polylysine or polyglyclna . 

13. The diagnostic conjugate of any one of claims 10 to 12, 
wherein spacer II carries an PITC-label. 

14. The diagnostic conjugate of any one of claims l to 14 
having the following structure: transmembrane module {TPU) - 
spacer I comprising a cleavablo disulfide bridge - address 
module (AS) - spacer 11 ~ signalling module (SM) or confound 
trapping the signalling- module (SM) . 

15. A diagnostic conqoosition containing a diagnostic conjugate 
of any one of claims 1 to 14. 

16. Use of a diagnostic conjugate of any one of claims 1 to 14 
for the preparation of a diagnostic coi^position for the 
selective detection of tumor cells. 
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Sianniary 

Plagnostic conjugate useful for intracellular Imaging and JTor 
differentiating between tumor- and non-tumor t?»n? 

Described Is a diagnostic conjugate oonprlBing (a) a 
transmembrane module (TPU) , (b) an address nodule (AS), 
preferably an antisense peptide nucleic acid tPSOV,), and (c) a 
signalling module (SM) . said conjugate is useful for 
Intracellular imaging, preferably via MRI, and, e.g., for 
differentiating between tunor- and non-tumot cells. 



EBiPf.ZBit:22/01/2002 19:05 



Bipf .nr.:481 P.026 



«/01 2002 20:01 FAX +48 8fl 43T7WS HOBER & SCBUESSlffl PAT . EPA ^027 



V4 



a) 1200 

f 1080 

S 

CO 

i fisn 



760 



f ^ ^CGT 



HeLa^cdb (witfa o-inyc) 




0 10 20 30 60 120 180 240 350 4SQ 
I^ymphocytBS (without c^-myc) 




b) 



0 60 120 180 240 300 360 420 480 



E 



1200 



1060 

I 



750 



000 



450 



RCGT 



Lymphocyte (without cHOiyc) 



ha 




0 10 20 30 120 IBO 240 360 400 

HgLa-S>cfllIs (wrifh cnyc) 




10 20 30 60 120 ISO 240 36D 



480 



wily MEM. 
no gad nTinhqii . 



(0 120 180 240 300 360 420 480 



(tme 



time aftear incaibation nun, 
— ^ 



Fig. 1 
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Fig. 2. Confocal laser scanning microscopy (CLSM) of human HeLa csivw cananoma 
oelb. Cytoplasm directed ACGT {Gd^^JTPH-Lys^.ys-|ASI-Cy3H»nstrucls (100 pM, 
FITC labeled)} (#i53c Table 1). After 1 h incubation, fluorescence signals were only 
detected within the cytoplasm, whereas the nuclei remained unstBihed. 
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e.) 



FigJ 



EniPf.zelt:2Z/01/200Z 19:06 



FiiiPf.nr.:481 PJD59 



22/01 2002 20r01 FAX +49 69 43779699 HUBER & SCHDESSLER FAT 



-» EPA 



4/4 



C-myc DNA (oncogene) 



aE00964 
CC&SGTTTCC 



JU3CZGCSQCC 

ACczanpCGGT 



AGCTCTGC3IA 
TCCCGCGACG 

CftC&CCCTTC 



CC ftC CCCOfiA rcnccTOcnic 
^nTCAscve ocftccccfiac 

*CICQIG01» CTTCTCGGCC 

gnrAttaM ccc cctgcxggxc 
GCftGCTXATX TJlACccqcca 



SSSSS??^ XCGGOacxGT GGCGCGCftCT GCGCGCTGCG 
CCCT CTflft CT C ftftGgCT GCC TCCCGCTTTO TCXGCCCCGC 

^SfSSS caccaac&iso aacseskTOKsc 

pCCXATTOCf AC?PGCGaCG* CQMaMSAAC TTCSaCCMC 
'gftCC CCCCCg CSOrCftCCCH GGas»!FQ9?69 AftGAJMSXQQ 

^rexoTOTA GGccccccxc ccGixrcTca xcGcocxccae 

TtJCCTTCGG^ GaCACaACCA CCCOEGTCGC GGEaGCTTCT 

^CTcaccc aiscxGCTGGO ABGacacasQ cxGaaccMsa 
q^oacaccx grnTr niuimi cnxiaxcEac CAeoayczsiA 

Qg gC CftftCC 9C6gK3!Cm mUKSOSCC TOCTACOWW 

w^EcanccT 

czi9)^esecG cccccscasa crccaseeae oeeseecsee 

QAC^GCAGCT CCrcCaftCTC CXQCQCCam caAcacccGft 
®»taPC3SC TCTCCXCOaC CaOACTCCTCC eOOCRSQQCak 

caar^cGaca. caccecccac caccaocaac aacsccTOQTA 

CTCftjaaCTC GGCGGCTGGA TACCTWCCC ATWPCATt& 

CTcmTTAC C ft ma a waysa TAGcaaurcr sGncasaicfe 

I 
1 



4440 

4500 

4560 

4«20 

4600 

4740 

4S00 

4Bff0 

4920 

4990 

5040 

5X00 

6160 

5220 

52Q0 

5340 

5400 



c-myc tniiwlaTSaifiRfiar^^ 



c^ycmRNA 



Exonl 




1 BxonU Exondl 



I 

Target site c-myc Exon ll-mRNA 
Peptide Nucleic Acid complementary sequence (anOsense) 



^^A??S-^°" !Lf'?r'^® complete o^nyc mRNA. Bcact location at which 
J^-'^SSf ^1**^ ^S"^^- ^ ' untranslated (blue hatched, Exdo II 
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